A number of adult models have been proposed, the most familiar of which are those of WEIBEL,5) LANDAHL,6) and HORSFIELD and CUMMING.7) Except for HORSFIELD and CUMMING'S assaymmetry model of the airway branching scheme, other models assumed symmetry within the lung, with each generation consisting of airways of identical size.
The age-dependent values for respiratory parameters may be desired by noting that relative regional volumes should remain invariant during growth, so that regional volumes at a given age may be defined as a fixed fraction of the total lung volume.8) In addition, the number of airways in a given region may be assumed to be constant with age for regions located proximally to the respiratory passages, with the number increasing for the distal sections as one age.
HOFFMAN, STEINHAUSLER and POHL,9) and CRAWFORD8) have defined the age-dependent regional volume for the space above the respiratory bronchioles as V(a)=V(A)VDs(a)/VDs(A) (1) where V(a): age-dependent regional volume in the n-th region (cm3), Vn(A): adult regional volume (cm3), VDS(a):
age-dependent volume of "deadspace" (cm3), and VDS(A): adult volume of "dead-space" (cm3). The regional volumes in distal airways are also calculated from Eq. (1) after replacing the values for "dead-space" by those determined for the total alveolar volume.
Since the regional volume is dependent on both diameter and length of the airways in a region, the regional radius and the length are calculated after assuming that the ratio of the airway diameter to length remains invariant with age. 8) where
Rn(a): age-dependent regional radius in the n-th region (cm), L(a):
age-dependent regional length in the n-th region (cm), an(A): ratio of airway diameter to length for adult, and Nn(a): age-dependent number of airways.
III DEPOSITION IN AGE-DEPENDENT RESPIRATORY TRACT
Several processes contribute to the deposition of atoms, molecules and aerosol particles in a cylindrical tube. The most important mechanisms of deposition are impaction, sedimentation and diffusion.
Impaction dominates deposition of larger particles in the NP and TB regions. In this process, changes in direction or magnitude of air velocity streamlines or eddy components are not duplicated by airborne particles because of their inertia.4)
The probability of deposition in the n-th region by i mpaction is given by9)
where Pi(n): probability of deposition in the n-th region by impaction, p:
particle density (g/cm3), dP:
particle diameter (cm), and Un-1(a): linear velocity in the n-1 region (cm/sec). The linear velocity is calculated as Un-1(a)=(VT/t)/[Nn-1(a)Rn-1(a)2] where VT: tidal air volume (cm3), and t: inspiration period (sec). Sedimentation occurs because of the influence of the gravity on small particles. 4) Deposition by sedimentation of particles can occur in all airways.
The probability of deposition by sedimentation is given by8)
where PS(n): probability of deposition by sedimentation in the n-th region, Ut:
terminal settling velocity (cm/sec), tn:
period during which air is present within the n-th region (sec), and airway with respect to the horizontal (degree). The terminal settling velocity is given by STOKE'S equation. 10) Ut=C.g.p.dp2/18.n where C: CUNNINGHAM'S slip correction factor, g: gravity acceleration (cm/sec2), and
The CUNNINGHAM'S slip correction factor is given by ion C=1+x/dP[2.514+0.800.exp(-0.55uY) where A: air mean free path (cm). Deposition by diffusion results from the randum (Brownian) motion of very small particles caused by bomberdment of the gas molecules in air.8) The magnitude of this property can be described by the diffusion coefficient for a given physical diameter.
The probability of deposition by diffusion in an airway tube of length L(a) is given by10) PD(n)=5.50-3.77p,foru<0.007 
where PD(n): probability of deposition by diffusion in the n-th region, and p: deposition parameter for diffusion given as follows10) p=4.4(L(a)/r).nd2.tU(a) 4=k.T.(C/3).r.n.dp where 4: particle diffusion coefficient, dt:
airway diameter (cm), k:
BOLTZMANN's constant (dyn.cm/K), and T: absolute temperature (K). The probability of deposition is calculated as the difference between unity and the product of the probabilities of transmission through a given duct or series of ducts.8) Hence, the probability of deposition for the combination of impaction, sedimentation and diffusion for a single region is given by
Pattle published the empirical function of the deposition in the NP region from the experiment with methylene blue particles with the diameter of 1.0 to 9.0pm.11) The ICRP utilized the empirical function in the respiratory tract model.1) The function is given by F(NP)=-0.62+0.475log(dp2Q) (9) where F(NP): deposition probability in the NP region, dP:
particle diameter (pm), and Q: volumetric flow rate (l/min). The author has also utilized the following relation, which was introduced from HEYDER and RUDOLF's experiment,12) for F(NP)<0.01.
F(NP)=-0.03065+0.03065.log(dp2.Q) (10) Since these equations are only a function of the particle diameter and volumetric flow rate, they cannot be extrapolated directly to predict deposition in the respiratory tract of younger individuals.
Such extrapolation has been accomplished by assuming that deposition in the NP region is primarily by impaction. 13) A generalized expression for the deposition fraction by impaction was proposed by LANDAHL as14) The impaction probability for non-adult's NP region is then computed using this coefficient, A, and known changes in B and Q.
Deposition of inhaled aerosols in a given region of the respiratory tract or in the entire tract is expressed as deposition fraction of inhaled particles. Deposition fraction is the ratio of the number of mass of particles deposited in the respiratory tract to the number or mass of particles inhaled. The undeposited fraction represents those particles that are exhaled air after inhalation.
The deposition in the i-th region is given by Eq. (16), for particles in the air passed into alveolar sacs.8)
Dl(i)=F(i).H[1-F(1)].(VT-EVn)
where D1(i): deposition in the i-th region, F(i): total deposition probability in the i-th region, F(j):
total deposition probability in the j-th region. VT:
tidal air volume (cm3), Vn:
regional volume in the n-th region (cm3), and m: total number of regions proximal to the alveolar region. The remainder of inhaled air, equal in volume to E Vn or to VT, whichever is smaller, passed n=1 into the "dead space," remains for a time equal to the length of breathholding, and is completely exhaled.
The deposition in the i-th region during inhalation is given by8) Following inhalation, there is a period of breathholding of length z, usually set equal to 1/8 of the total breathing cycle.8) (18) where D3(i): deposition in the i-th region during breathholding, and F(z): probability of deposition in the i-th region during breathholding. The volume of air in each region will then pass through the "dead-space" during exhalation, traveling in the opposite direction to that experienced during inhalation. The deposition in the i-th region is given by8)
where D4(i): deposition in the i-th region during exhalation, and M: total number of regions proximal to the alveolar region.
IV COMPUTER PROGRAM
A computer program written in BASIC language has been made to compute the age-dependent deposition fractions in the NP, TB and P regions.
User must set the following parameters before computation.
V1: age-dependent tidal volume (cm3), G9:
adult volumetric flow rate in the NP region (i/min), E9:
adult volumetric flow rate in the NP region (cm3/s), T1:
age-dependent inspiration period (sec), T2:
age-dependent breathholding period (sec), VX(N):
age-dependent regional volumes (cm3), and N4(N): age-dependent regional number of airways. Some results computed by the computer program are shown in Figs. 1 and 2 , from which the percent deposition in the NP, TB and P regions for adult and infant ages are given for inhaled monodisperse particles.
The parameter values for WEIBEL'S model are shown in Tables 1 and 2 is "adult's light activity" in Table 2 . Fig. 2 Percent deposition of inhaled particles in the infant's respiratory regions. The respiratory condition is "infant's resting" in Table 2 . Table 1 Age-dependent regional volume and number of airways for WEIBEL'S respiratory model. Table 2 Age-dependent respiratory standards.
Remarks TV: tidal volume (ml), f: breathing frequency (1/mm), MV: minute volume (l/min), Ti: inspiration period (sec), TZ: breathholding period (sec).
